 Increased ALFF was found in the left cerebellum and left ITG in PT patients by rs-fMRI,  An increased FC was focused on the left cerebellum and left ITG, right superior temporal gyrus and right occipital gyrus; the ITG and the thalamus, the putamen and the caudate nucleus in PT patients.
Introduction
Tinnitus can be defined as the conscious perception of sound, usually ringing, noise and others in the ears or brain in the absence of an external sound stimulus [1] . Tinnitus affects 10-15% of the individuals worldwide [2] ; of these, 20-30% is > 55-year-old [3] . Tinnitus can be divided two types: non-pulsatile tinnitus (NPT) and pulsatile tinnitus (PT). Most of patients are NPT. PT is a rather rare type, affecting only 4-12% of the individuals [1, 4] . The clinical manifestations include a sound such as rhythmic tinnitus, heartbeat, tidal sound, and water flow, which might be produced by the blood vessels or muscles in the head and neck of the patient and perceived by the conduction of the bones, blood vessels, and blood flow to the cochlea [4, 5] .
The etiology of PT is complex, which can be classified by vascular and non-vascular causes. Some causes include venous normal variants and anomalies (14%, such as sigmoid sinus diverticulum, dural arteriovenous fistula), highly vascularized tumors of the temporal bone (16%, such as paraganglioma), vascular stenosis (9%, such as atherosclerosis), and involuntary contraction of muscles in the middle ear [4, 5, 6, 7, 8, 9] . However, despite careful examination, no cause was identified in up to 15% of PT patients [10] , especially in those without obvious vascular abnormality.
Nowadays, the study of the central nervous mechanism of tinnitus is gaining increasing attention. An investigation using resting-state functional magnetic resonance imaging (rs-fMRI) can objectively display the brain functional activity and functional connectivity (FC) in specific regions of tinnitus patients. Previous studies focused only on NPT patients, such as altered FC between the auditory-limbic interactions, attention-related networks, changes in the default mode network (DMN) [11] , increased FC between attention network A C C E P T E D M A N U S C R I P T and DMN [12] . However, several studies revealed different results. These might also be attributed to different scores of Tinnitus Handicap Inventory (THI) [13] , duration of tinnitus [14] , and troublesome or non-troublesome tinnitus [15] . Hitherto, only a few studies of FC in PT patients are included in a recent review. Supposedly, the prolonged PT stimulation can cause brain plasticity. Abnormal baseline brain activities were found PT duration of up to 5 years [6] .
In this study, we observed the brain activity as well as FC in PT patients without obvious vascular abnormality by rs-fMRI. Whether or not there is an abnormal FC in PT, and what is the correlation between the FC and some tinnitus characteristics such as THI, sleep quality, anxiety and depression state. Furthermore, we hope to understand the central mechanism of PT and the psychological status in the patients.
Subjects and Methods

Subjects
44 patients with unilateral PT and 44 well-matched healthy controls (HC) were enrolled in the ENT clinic of our hospital from May, 2014 to May, 2016. Duration of tinnitus was average 18.68±24.81 months. The age of the patients ranged from 28 to 67 years (average 47.93±10.66 years old). All is right handed.
The study was approved by the ethics committee of the First Affiliated Hospital of Zhejiang University. All participants provided written informed consent before their participation.
Some diseases were excluded including mental diseases, cerebral-cardio vascular diseases, objective tinnitus ， otitis media, outer-ear diseases, conductive or mixed hearing loss,
Ménière's disease and somatosensory tinnitus or tinnitus related to metabolic diseases. CT and MRV/MRI were applied and no abnormal findings were reported.
Patients who could not complete the questionnaire due to old age or cognitive disorders were excluded from the study. The questionnaire included items about gender, age and tinnitus such as localization, onset, types of sound, tinnitus duration, and subjectively perceived loudness measured by Visual Analog Scale (VAS). THI was used to measure tinnitus severity [13] . The Self-Rating Anxiety Scale (SAS) and the Self-Rating Depression Scale (SDS) Chinese version developed by Zung [16] were used to assess anxiety and depression disorders. Pittsburgh Sleep Quality Index (PSQI) was used to evaluate sleep quality of patients with tinnitus [17] .
Pure tone audiometry (PTA), acoustic impedance and evoked otoacoustic emission test were performed in all patients to evaluate hearing status. Normal hearing was hearing thresholds <25dB HL at 0.250 to 8 kHz.. All patients were normal by acoustic impedance.
MRI acquisition protocols
MRI data acquisition was performed using a Siemens Trio3-Tesla scanner equipped with a 12-channel phased-array head coil (Siemens, Erlangen, Germany). The participants were instructed to be still during the sessions, to keep their eyes closed but not to fall asleep and to think about anything. Imaging was collected axially using an echo-planar imaging (EPI) sequence with the following settings: 33 axial slices, thickness/gap=3.5/0.7 mm, in-plane resolution=64×64, repetition time (TR)=2000 ms, echo time (TE)=30 ms, flip angle=90°, field of view (FOV)=220×220 mm 2 , voxel size = 3.5 mm × 3.5mm×4.2mm, and 240 volumes (8
.Three-dimensional T1-weighted magnetization-prepared rapid gradient echo (MPRAGE) sagittal images were collected using the following parameters: 192 sagittal slice, slice thickness/gap=1/0 mm, in-plane resolution=256×256, TR=1380 ms, TE=2.6 ms, inversion time=800 ms, flip angle=15°, and FOV=256×256 mm 2 .
Data preprocessing
The fMRI data were preprocessed using DPARSFA v2.3 (1) and REST v1. The FC analyses were performed using one-sample t-test and two-sample-t-test.
Within-group FC analysis was thresholded with p<0.0001, FDR corrected (cluster size > 20).
Between-group comparison of FC was thresholded with p<0.01, FDR uncorrected (cluster size > 20). The results were visualized by the REST Slice Viewer in the REST software.
Robust regression analysis was performed to explore the relationship between the zFC values of the patient's interest region (ROI1 and ROI2) and clinical data. Statistical threshold was set at P < 0.05.
Results
A C C E P T E D M
A N U S C R I P T
Clinical features
The eligible remaining 29 PT patients 29 HC were analyzed by data processing (removal of data for excessive head movement exceeding 2 mm or 3 degrees (4 PT and 1HC ), poor registration (7 PT and 5 HC), excessive time point (4 PT ), and unmatched 9 HC). Except for 2 cases with hearing loss at the frequencies of 8 kHz, the others had normal hearing. Two groups were well-matched with age and right-handedness between two. (Table 1) By Pearson correlation analysis, PSQI score is positively and linearly correlated with SDS score (r = 0.54, p= 0.002), and SAS score (r = 0.55, p= 0.002). No significant correlation was found between SAS, SDS, PSQI and other data, including sex, age, duration, localization, loudness of tinnitus, sound type and THI (p > 0.05).
The brain activity and functional connectivity 3.2.1. ALFF changes in PT patients
Based on the ALFF, there were individual voxels of significant difference between patients and HC ( Figure 1 ). The brain activity of the left cerebellum and left inferior temporal gyrus (ITG) was significantly stronger in PT group than that in control group. Decreased ALFF was found in the visual and motor regions (right middle occipital gyrus, right calcarine, and left paracentral lobule) in patients as compared to the control group, P<0.05. (Table 2) 
Analysis of functional connectivity
We defined the strongest difference coordinates -24, -48, -42 (ROI 1) in the left cerebellum ( Fig. 2, 3 ) and -39-42 -6 (ROI 2) in the left ITG (Fig. 4, 5 ) as seed points for FC analysis by one-sample t-test.
A decreased FC in ROI1 was found between the left cerebellum and advanced
cognitive-related brain regions such as bilateral angular gyrus (AG) in patients. An abnormally increased FC was found between the left cerebellum and the homologous regions of the right cerebellum, the ipsilateral ITG, the contralateral superior temporal gyrus (STG) and the right occipital gyrus in patients. (Fig. 6) The comparison of the difference in ROI2 revealed a decreased FC in the left ITG and advanced cognitive function-related regions (the executive control area and emotion-related area, including the orbital gyrus of the medial prefrontal lobe); however, an abnormal increased FC was observed in the ITG, the thalamus, the putamen, and the caudate nucleus in patients ( Fig.7) . Figure8 displayed the whole connectivity of the brain network. ( Fig. 11, 12 ). However, no correlation was found with the other clinical features (including THI, SDS, duration) and FC, P>0.05.
Discussion
Nowadays, the mechanism of generation, development, and persistence of tinnitus has yet to be fully elucidated. Tinnitus originates from the peripheral auditory system, and the cochlea is considered as the "main generator" of tinnitus in the early stage. However, the
persistence of tinnitus cannot be explained in a majority of the cases even after the complete section of the eighth cranial nerve (auditory nerve) [18] . Most patients with hearing loss do not suffer from tinnitus. Other systems were deemed to involving in the development of tinnitus [1] . The main pathological process of tinnitus or results from the later stage involved the central nervous system, including the cerebral cortex and limbic system. Either the auditory or the non-auditory centers (the frontal lobe, the limbic, and the cerebellum) might be involved in the development and persistence of tinnitus [1] . Nevertheless, the pathogenesis According to the study, decreased ALFF was found in visual and somatic motor center.
The generation of somatic tinnitus illustrated the complex multi-modal interactions between the auditory pathway and other sensory-motor systems innervating the head, neck, shoulders, and eyes [29] . ALFF of multiple occipital areas was decreased in PT patients [6] . In chronic "self-protection mechanism" in PT patients [6] . On the other hand, the abnormal activity of non-auditory areas was responsible for PT, including the cerebellum, the ITG and middle occipital gyrus.
An abnormally increased FC was found between the left cerebellum and the homologous regions of the right cerebellum, the ipsilateral ITG, the contralateral STG, and the right occipital gyrus in patients; however, related reports are yet lacking. The STG includes the primary and secondary auditory cortices and a language-related area. Increased FC was reported between the auditory cortex and cerebellum in rats with salicylate-induced tinnitus [12] , between the auditory network and executive control network, self-perceptual network, and limbic network on the right side in PT patients [34] . In chronic tinnitus, an increased connectivity was reported between the left frontal gyrus and right middle occipital gyrus [35] .
Additionally, the cerebellum was anatomically and functionally connected with the non-auditory cortex, such as the limbic regions that are concerned with cognitive and emotional processes [36] , as well as, responsible for the growth of tinnitus-related annoyance [1] . Therefore, the abnormally increased connectivity of the brain network provides a new
perspective to explore the central physiological mechanisms of PT patients.
The study displayed a decreased FC in the left ITG and orbital gyrus of the medial prefrontal lobe. Previous studies suggested the ITG was involved in several cognitive processes [37] , including visual perception [38] and multimodal sensory integration [39] . The orbitofrontal gyrus belongs to the limbic system, which is closely related to emotional processing and emotional regulation [40] . An increased FC was reported predominantly in the left amygdala and the dorsomedial prefrontal cortex [41] . The posterior lateral and inferior temporal regions are crucial for word comprehension, and hence, serve as a hub to integrate the auditory and conceptual processing [42] . A decreased FC was found between the left thalamus and the right middle temporal gyrus in patients with chronic tinnitus [43] . Thus, the abnormal connectivity results in poor control and regulation of emotion, distress, and nervousness, which might explain the development and exacerbation of tinnitus involved in the non-auditory center.
Moreover, an increased FC was found between the ITG and the thalamus, putamen, and caudate nucleus (area LC) in this study. The latter is directly affected by the cerebral cortex, and indirectly affected by the cerebellum and extrapyramidal systems through the thalamus.
Hinkley put forward a striatal gating model of chronic tinnitus, where dysfunctional permissive area LC enables the auditory phantoms to reach a perceptual awareness [44] .
Therefore, the ITG may serve as the vital point of PT, which forms the functional loop of a network including the orbital gyrus of the medial prefrontal lobe, the thalamus, the putamen, and the caudate nucleus. ITG is speculated to play a critical role in the vicious cycle of tinnitus persistence.
The study demonstrated a negative relationship between the values of PSQI, SAS, and FC (the left ITG and left thalamus/ right thalamus). Any recent study did not focus on FC related to psychopathology. So, the high value of FC accompanied with the low values of PSQI and SAS (fewer sleep disorders and anxiety), the phenotypes may not result in the generation of tinnitus in PT patients. As the FC is extremely complex and variable, further studies on the correlation of FC and mental-psychological status by multiple subgroups in PT patients are essential.
Limitations
We did not collect a sufficient number of cases due to the availability of few PT patients.
The cases were further decreased after processing the data from 44 to 29 patients, so two groups was not matched in gender. 
Conclusion
